The size and shape of primary NPs were additionally assessed using a FEI Sirion 100 T 1 scanning electron microscope (SEM) working at 10 keV. For SEM analysis, 20 μl stock 2 suspensions were dried directly on the carbon adhesive pad of a SEM sample holder. 3
The chemical and elemental composition of NPs were examined with a PHI VersaProbe 5000 4 scanning X-ray photoelectron spectroscope (XPS), using a monochromated Al Kα X-ray 5 beam scanned over a 600 µm x 400 µm area (200 µm diameter/50 W X-ray beam) or 1400 6 µm x 100 µm (100 µm diameter/100 W X-ray beam) at a fixed take-off angle of 45°. For XPS 7 analysis, the stock suspensions were dried on an indium surface. Spectra evaluation was 8 performed using MultiPack-Version 9.2 software from Physical Electronics. The results in 9 percentages were derived from relative concentrations of elements and their chemical bonds 10 from line shape analyses. 11
Surface chemistry measurements were performed using a ION-TOF time-of-flight secondary 12 ion mass spectrometer IV (ToF-SIMS). The primary ion species was 10 keV Ga + , scanning an 13 area of 150x150 µm 2 . For SIMS analysis, the stock suspensions were dried on a gold surface. 14 Crystallite size and crystalline phase were evaluated by X-ray diffractometer (XRD) 15
PANalytical EMPYREAN PIXcel with 3D Counter, operating at 40 kV voltage and 40 mA 16 current with Cu Kα and Kβ radiation. For XRD analysis, the stock suspensions were dried on 17 a silicon surface. 18 solution/well), for 1, 24 or 48 h. The NP dispersions were placed for 10 min in a sonication 1 bath before distribution in the culture wells. For controls, cells were incubated in MEM-F12-2 ITS medium (non-treated "viable" control) or in MEM-F12-ITS containing 0.01% Triton X-3 100 (100% damaged "death" control). 4
For LDH assay, 50 μl aliquots of culture medium were collected from each well, mixed 5 with the same volume of the LDH substrate mixture and incubated for 5 min 6 at 37 °C in CO 2 incubator. Ten microliter of MTT stock solution (2.5 mg ml -1 ) was added 7 to the remaining medium (50 μl) and the cells were left for 1.5 h at 37 °C in a CO 2 incubator. 8
Both, MTT reduction and LDH reactions were stopped by adding 100 μl of solution 9
containing 50% dimethylformamide and 20% sodium dodecyl sulfate (DMF-SDS, pH 4.7). 10
The absorbance was measured with a BioRad microplate reader at 550 nm test and 650 nm 11 reference wavelengths. 12
The interference of the NPs with LDH or MTT assays was tested in cell-free assay systems 13 (SI, MTT and LDH assays). 14 15
Immunocytochemical and uptake studies 16
For microscopic analyses, cells were grown on poly-L-lysine coated glass coverslips, in 24 17 well plates (10 5 cells/well). The cells were incubated with 500 μl of 5x10 11 NPs ml -1 dispersed 18 in MEM-F12-ITS medium for 1 h at 37 ºC in a CO 2 incubator. Control cells were incubated 19 with MEM-F12-ITS medium without NPs. The treated cells were washed three times with 20 phosphate buffered saline (PBS, pH 7.4) to remove free-floating NPs and fixed for 20 min 21 with paraformaldehyde (4% wt/v, PFA) at room temperature (RT). 22
For immunocytochemical identification, fixed cells were permeabilized with 0.1% Triton-X 23 for 10 min at RT. Non-specific antibody binding was blocked by treating with 2% bovine 24 serum albumin (BSA) in PBS for 60 min. Primary antibodies were diluted with 2% BSA, and 25 fixed cells were incubated with the antibodies overnight at 4 ºC. Neurons differentiating fromNE-4C stem cells or developing in primary neuronal cultures were stained with mouse 1 monoclonal anti-β-III tubulin antibodies (1:1000, Sigma). Astrocytes were stained with mouse 2 monoclonal anti-glial fibrillary acidic protein (GFAP) antibodies (1:1000, Sigma). After 3 overnight incubation, the cells were washed three times with PBS and incubated for 1 h with 4 alexa-594 conjugated anti-mouse antibody (1:1000, Molecular probes, Invitrogen). After 5 washing, the stained preparations were mounted with mowiol (Calbiochem, EMD Chemicals) 6 containing 10 μg ml -1 bisbenzimide (Sigma) and were left to dry in dark for 24 h. In spectrum analysis, the samples were excited with 488 nm wavelength laser light in a Nikon 14 A1R confocal laser scanning microscope. The emitted light was projected onto a diffracting 15 grating in the SD, where the emitted light was separated by wavelength of 2.5 nm. In the SD 16 unit, the spectrally separated light beams were reflected by a focusing mirror to one of the 32 17 photomultiplier tubes of a multi-anode photomultiplier. As a result, every pixel of a sample 18 image had a photocurrent intensity value at each wavelength. Plotting intensity data as a 19 function of wavelength, emission spectra for image-points were gained. The interesting spots 20 on an image were selected by delineating the regions of interest (ROIs). The spectrum plots of 21
ROIs were compared to positive and negative controls. The fluorescent spectra of NPs 22 dispersed in microscopic mounting material were used as positive controls. For negative 23 control, the auto-fluorescence spectra of corresponding regions of non-treated cells were used. 24
To investigate protein adsorption onto NPs, the NPs were dispersed in MEM supplemented 1 with 10% fetal bovine serum (FBS). The NPs were incubated for 1 h at 37 °C in a CO 2 2 incubator and centrifuged for 15 min at 8000 x g. Sedimented NPs were washed with PBS to 3 remove non-bound proteins. Bound proteins were eluted from the NPs by sodium dodecyl 4 sulfate (SDS) (1% wt/v) washing, separated on 12% SDS-polyacrylamide gel electrophoresis 5 (SDS-PAGE) gels and stained for 1 h in Coomassie blue, as described before (Monopoli et al. 6 2011). Gel electrophoresis was performed at 20 mV for about 60 min each. 7 8
Results

9
Synthesis and characterization of SiO 2 NPs 10 Fluorescent core/shell SiO 2 NPs with the desired 50 nm size were produced in very high 11 concentration (2% wt/wt, 1.5x10 14 NPs ml -1 ) and were thoroughly characterized (Table I) . 12 SEM and TEM images showed the spherical shape and monodispersity of the NPs (Figure 1) . 13
The monodispersity was also evident in DLS and AC measurements (Figure 1) . The XRD 14 analysis spectra displayed a single broad peak indicating the amorphous nature of the SiO 2 15
NPs and are shown in Figure S1 in the Supplementary Material (SI). A presence of different 16 functional groups on the NPs surfaces was indicated by XPS and ToF-SIMS analyses (SI, 17 Figure S2 and Figure S3 ). TEM, DLS and zeta potential measurements highlighted the 18 stability of the NPs after functionalization (Figure 2 , Table I ). 19 DLS analyses showed that, except for the SiO 2 _PVP, all of the synthesized NPs were 20 inclined to agglomerate/aggregate after dialysis against MEM (Table II) . After 10 min of 21 sonication, the hydrodynamic diameter of the agglomerates decreased, however, the particlesize significantly differed from the size of primary NPs. Subsequent incubation in MEM-F12-23 ITS tissue culture media increased the agglomeration rate (Table II) . The agglomeration 24 depended on the incubation time, surface functionalization and the concentration of the NPs In LDH cytotoxicity assays and MTT cell metabolism tests, incubation with the NPs for 4 or 3 24 h did not cause significant changes. However, after 48 h exposure marked differences were 4 found among the effects of the NPs depending on the surface chemistry and the dose of the 5 NPs, and also on the type of the cells (Figure 3) . 6
Potential interactions of the NPs with assay-components were checked in cell-free 7 MTT and LDH assays. As it is shown in Figure S6 (SI), none of the particles interfered with 8 the tests. 9
In MTT assays, NE-4C neural stem cells showed reduced viability only at very high (2 10 mg ml -1 , 1x10 13 NPs ml -1
) concentration of the NPs. In comparison to non-treated cells (100% 11 viability), viability decreased significantly in the presence of the plain SiO 2 NPs (37% ± 19), 12
SiO 2 _NH 2 (51% ± 20) and SiO 2 _SH (70% ± 13), while did not change if the cells were 13 exposed to the PVP-coated NPs (Figure 3-A) . 14 LDH tests indicated cell membrane damage at ten times lower NPs concentration (0.2 15 mg ml -1 , 1x10 12 NPs ml -1 ), an almost equal toxicity of the plain SiO 2 NPs (152% ± 19), 16
SiO 2 _SH (142% ± 17) and SiO 2 _NH 2 (141% ± 14) was shown, while effects of the SiO 2 _PVP 17 particles were not detected when compared to non-treated cells (100%). The SiO 2 _PVP NPs 18 had no effect even at the highest (2 mg ml -1 ) concentration, while the other NPs increased the 19 LDH release more than two times (SiO 2 : 282% ± 19, SiO 2 _NH 2 : 269% ± 46, SiO 2 _SH: 206% 20 ± 19) (Figure 3-B) . 21
The viability of NE-4C-derived neurons was slightly decreased (MTT-reduction) only 22 in response to the plain SiO 2 NPs at high (0.2 and 2 mg ml highly monodispersed SiO 2 NPs were synthesized in a concentration which allowed 9 performing tests in a broad range, from 0.2 µg ml -1 (10 9 NPs ml -1 ) to 2 mg ml -1 10 (10 13 NPs ml -1 ). In order to protect encapsulated dye molecules from external influences or 11 from leaching, the dye was covalently bound within a silica core and a pure silica shell was 12 synthesized onto the NP surface. The surface of NPs was further functionalized with -NH 2 , -13 SH groups or coated with PVP. 
Supplementary Material
NPs synthesis
In a first step, the fluorescent cores were prepared by hydrolysis and condensation of tetraethyl In the second step, the pure silica shells were synthesized. To 100 g of silica cores solution 5 g of NH 4 OH was added and subsequently 4.7 g of TEOS. The reaction proceeded at ambient temperature for 24 h. Thereafter, the core/shell NPs were dialyzed against the absolute ethanol.
For the amino functionalization, pH of the synthesized core/shell NPs colloidal solution (30ml) was adjusted to 5.9 and 1500 µl of APTES was added. To generate mercapto functionalization, 2100 µl of MPTMS was stirred with 30 ml of core/shell NPs solution. SiO 2 NPs were also coated with polyvinypyrrolidone (PVP, K-15, Sigma-Aldrich) by mixing 30 ml of cores solution with 0.3 g PVP, 0.5 g NH 4 OH and 0.47 g TEOS. All functionalized NPs were stirred at RT for 12 h and thereafter dialyzed against absolute ethanol.
MTT and LDH assays
MTT was dissolved in phosphate-buffered saline (PBS, pH 7.4) at a concentration of 2.5 mg ml -1 (6 mM), and stored at 4 °C. 1-methoxy-5-methylphenazinium methylsulfate (MPMS, Sigma) was dissolved in PBS at a concentration of 100 mM, and stored at 4 °C. Lactate dehydrogenase (LDH) substrate mixture (1 ml) was prepared as follows; 2.5 mg L-lactate salt and 2.5 mg nicotinamide adenine dinucleotide (NAD, Sigma) were dissolved in 0.9 ml of 0.2 M Tris-HCl buffer (pH 8.2) and 0.1 ml of MTT stock solution and 1 μl of MPMS stock solution were added.
We have demonstrated that both MTT reduction (an index of cellular activity) and LDH release autofluorescence of microglia, NE-4C and astroglia cells as negative controls (other colors).
